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Introduction:  Traumatic  sequelae  of  the elbow  are  difﬁcult  to manage  because  of  bone  deformities,
changes  in  joint  congruency  and  bone  defects.
Materials  and  methods:  Total  elbow  arthroplasty  is  a therapeutic  option  when  the  joint  space  has  dis-
appeared.  Nineteen  patients  underwent  semi-constrained  Coonrad-Morrey® total  elbow  arthroplasty  in
12 cases  for  post-traumatic  elbow  arthritis  (group  1)  and  in  seven  cases  for  7  non-union  of  the  distal
humerus  (group  2).  The  mean  age  at surgery  was  60 years  old  (56 in  group  1 and  67  in group  2). The  mean
delay  between  the initial  trauma  and  arthroplasty  was  16  years  (group  1) and  22  months  (group  2).
Results:  At  a  mean  follow-up  of 5.5 years  (24–156  months)  in group  1,  the Quick-DASH  score  was  34
points  with  outcomes  that  were  considered  to be  good  to excellent  in  75% of the cases  according  to  the
Mayo  Elbow  Performance  Score  (MEPS).  A  progressive  radiolucency  was  identiﬁed  on  X-ray  in 33%  of the
cases,  and  moderate  wear  of the  polyethylene  insert  in  17%.  There  were  7 complications  (58%)  requiring
revision  in  3 cases  (25%).  At a  mean  follow-up  of  4.6 years  (24–108  months)  in group  2,  the Quick-DASH
score  was  39  points  with  good  and  excellent  results  in  86%  according  to the  MEPS. A radiolucency  was
noted  in 28%  and  moderate  wear  of  the  inserts  in 14%.  There  were  2  complications  (28%)  requiring  revision
in  1 case  (14%).
Conclusion:  Semi-constrained  total  elbow  arthroplasties  provide  recovery  of  functional  range  of  motion
with  a stable  and  pain-free  elbow  for post-traumatic  conditions.  The  age at  surgery  is  a risk  factor  for  com-
plications.  The  indication  for total  elbow  arthroplasty  in  patients  under  60 should  be  carefully  considered
in  relation  to alternative  treatment  options.
Level  of evidence:  Level  IV Retrospective  study.
©  2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Post-traumatic sequelae of the elbow – non-union of the dis-
al humerus or post-traumatic arthritis – are difﬁcult to manage
ecause of bone deformities, modiﬁcations of joint congruency,
oint stiffness and bone defects [1–6]. Because of these elements
nd when the joint space has disappeared completely, total elbow
rthroplasty is sometimes the only available option to restore
atisfactory range of motion. In certain cases of post-traumatic
rthritis, the therapeutic options include distraction with interpo-
ition arthroplasty [7,8], and arthrodesis [2,6,8,9]. In certain cases
f non-union of the distal humerus in which the joint space is
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ttp://dx.doi.org/10.1016/j.otsr.2013.10.012preserved, internal ﬁxation with a bone graft can be proposed
[10–13].
Evaluation of bone defects and of the periarticular tissue is
essential for the management and preoperative planning in these
cases. The use of semi-constrained total elbow arthroplasty is pro-
posed for post-traumatic sequelae because of ligament damage and
bone defects, in particular to the columns (Fig. 1). However, patients
with total elbow arthroplasty must limit their activities to prevent
postoperative failure [5,6,10,14–16].
Main hypothesis: semi-constrained total elbow arthroplasty is
adapted for the treatment of post-traumatic sequelae of the distal
humerus.Secondary hypothesis: there is no signiﬁcant difference in clini-
cal and radiographic results following semi-constrained total elbow
arthroplasty between patients with post-traumatic arthritis and
those with non-union of the distal humerus.
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Fig. 1. Bone defect of the distal humerus (Grades 1–4) according to Morrey et al.
[13] and insertion of the collateral ligaments. Humeral insertion preserved in
grades 1and 2.
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Fig. 3. A. Non-union of the distal humerus in a 65-year-old patient, 12 months afterGrade 2 Grade 1 + olecranon fossa (columns intact)
Grade 3 Lateral columns
Grade 4 Epiphysis + metaphysis (olecranon fossa included)
. Materials and methods
This was a retrospective multicentre study performed in two
niversity hospital centres. All patients presenting with post-
raumatic sequelae from a fracture or dislocation of the distal
umerus, in whom a semi-constrained total elbow arthroplasty
oonrad-Morrey® (Zimmer Company, Warsaw, IN, USA was  indi-
ated, could be included in the study). Exclusion criteria included
oint damage from rheumatoid arthritis, recent post-traumatic
equelae (< 9 months), and patients who did not have at least
 years of follow-up. Two groups were deﬁned, ﬁrst, patients with
ost-traumatic arthritis (group 1) (Fig. 2) and second, cases of non-
nion of the distal humerus (group 2) (Fig. 3). All patients in group
 had global arthritis of the elbow.
The surgical technique was the same regardless of the indication
or total elbow arthroplasty. The Bryan-Morrey surgical approach
as used in all cases [3–5]. Prostheses were cemented with antibi-
tic cement and a bone graft was placed behind the anterior ﬂange
f the humeral component. The triceps was then reinserted onto
he olecraNon by trans osseous sutures with non-absorbable (16
ig. 2. A. Severe deformity on sequelae of a childhood elbow fracture in a 54-year-
ld patient. B. Three year postoperative X-ray.the  initial trauma. Bone defect after resection of the area of non-union. B. Two year
postoperative X-ray.
cases) or absorbable (3 cases) sutures. The elbow was immobilized
in extension for 48 h in a sling, and then the patient was autho-
rized to begin active movement of the elbow depending on the
pain. Rehabilitation was  begun in 10 patients. Surgery lasted a mean
92 min  (52–190 min), and the patient was  hospitalized for a mean
6 days (4–10 days).
Thirteen patients (68%) had at least one operation of the elbow
before arthroplasty. Arthroplasty was performed on an elbow
with no existing internal ﬁxation material except in one case
(case no 18). Two  patients presented with neurological complica-
tions – conﬁrmed by electromyogram – before arthroplasty. Simple
neurolysis was performed in two  cases (case no 1 and no 19).
According to the Morrey et al. classiﬁcation, there were bone
defects in 9 cases [3] (Fig. 1).
The preoperative and postoperative clinical evaluation was
based on the Mayo Clinic score for elbows or the Mayo Elbow
Performance Score (MEPS) [14] and the Quick-DASH score [17].
A radiographic assessment, including an AP and lateral X-ray of
the elbow, was  used to assess peri-prosthetic radiolucencies at the
ﬁnal follow-up, as well as the presence of wear of the polyethylene
bushings near the hinges of the prosthesis (Fig. 4) [6].
The means and distribution of continuous variables were cal-
culated and the number and percentages of the variables were
determined by class. The Student t-test was used to compare means
and the chi2 test to compare nominal variables. P < 0.05 was  con-
sidered to be signiﬁcant.
3. Results
Nineteen patients met  the inclusion criteria. There were 14
women and 5 men. In 12 cases, the indication for arthroplasty was
post-traumatic arthritis (group 1) (Table 1) and in 7 cases Non-
union of the distal humerus (group 2) (Table 2). The mean age of
patients at surgery was  60 years old (56 years old in group 1 and
67 in group 2). The mean delay between the initial trauma and
arthroplasty was 16 years in group 1 and 22 months in group 2. The
number of prior interventions per patient was  1.2 in group 1 and
2.4 in group 2. Results were expressed as means with minimum
and maximum values.
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Fig. 4. Wear of the polyethylene bushings. AP X-ray in forced varus and valgus face. Absence: –7; +7; Moderate: –10; +10; Severe: > ± 10.
Table 1
Preoperative data for group 1 “post-traumatic osteoarthritis”.
Case Gender, age Number of prior
operations
Deformity Bone defects Joint alignment Intra or extra
articular mal  union
Extension–ﬂexion
Range of motion (active)
Delay (initial
trauma/arthroplasty)/months
1 F, 77 1 Severe No Subluxated Extra articular –40/100 15
2  M,  52 1 No No Centered No –20/110 26
3  F, 68 2 No Grade 3 Subluxated No –70/140 20
4  M,  54 0 No Grade 1 Centered No –70/100 252
5  F, 54 0 Severe No Dislocated Extra articular –30/100 624
6  M,  38 2 No Grade 1 Centered No –80/120 96
7  F, 64 4 Moderate No Subluxated Intra articular –20/100 40
8  F, 42 0 No No Centered No –45/90 408
9  M,  57 0 Severe No Subluxated Extra articular –80/110 600
10  F, 63 0 Severe No Subluxated Extra articular –60/100 240
11  F, 41 2 No No Centered No –50/100 15
12  F, 65 2 No No Centered No 0/90 9
Table 2
Preoperative data in group 2 “non-union”.
Case Gender, age Number of prior
operations
Deformity Bone defects Joint congurence Initial fracture Range of motion
(active)
Delay (initial
trauma/arthroplasty)/months
13 M, 61 5 Severe Grade 3 Subluxated Lateral condyle –30/120 25
14  F, 75 0 No Grade 1 Centered Supra and intercondylar –30/90 20
15  F, 75 2 No Grade 1 Centered Supra and intercondylar –50/100 16
16  F, 65 2 No Grade 3 Subluxated Comminutive joint –30/90 12
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o17  F, 71 3 Severe Grade 3 Subluxated
18  F, 64 3 No Grade 1 Centered 
19  F, 60 2 No Grade 2 Subluxated
After a follow-up of 5.1 years (2–13), the MEPS for the entire
eries was 86 points (45–100) and the quick-DASH score was
5.7 points (5.8–73.3). Pain and active ﬂexion were signiﬁ-
antly improved compared to preoperative scores (P < 0.0001 and
 < 0.0001, respectively). There was a signiﬁcant difference between
he patient’s age and the development of complications (P = 0.039).
he mean age at arthroplasty in patients with complications was
4 years old (65 in patients without complications). There was no
igniﬁcant difference in the following preoperative values: number
f prior interventions, deformities, bone deﬁcits or gender; and theSupra et intercondylar –50/100 48
Supra and intercondylar –40/90 12
Comminutive joint –40/100 19
following postoperative results: complications, surgical revisions,
wear of the polyethylene bushings and radiolucencies.
After a follow-up of 5.5 years (2–13), the MEPS in the post-
traumatic arthritis group was  86 points (45–100) and the
quick-DASH score was 34 points (5.8–73.3). Results were con-
sidered to be good to excellent in nine cases (75%) according to
the MEPS. The pain score went from 6 (0–30) preoperatively to
36 points (5–45) postoperatively and 10 patients (83%) improved.
The stability score reached 9 points (0–10). There was instabil-
ity of the elbow in 2 cases due to bipolar septic loosening of the
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Table  3
Postoperative data in group 1 “post-traumatic arthritis”.
Case Follow-up
(months)
Range of motion
extension–ﬂexion
(active)
MEPS DASH Complications Surgical revisions Wear of PE bushings
(X-ray follow-up)
Progressive radiolucency
(X-ray follow-up)
1 48 –40/140 100 34.2 No No Moderate No
2  26 –50/120 45 73.3 Septic loosening Yes: 1 (one-step
revi-
sion + 18 months)
Absence (since
revision)
No (since revision)
3  24 –40/120 90 48.3 No No Absence Yes (humeral)
4  24 –30/130 100 35 Ulnar nerve injury No Absence Yes (humeral)
5  33 –15/135 100 5.8 No No Absence No
6  46 –50/120 95 7.5 Sepsis (+ 6 months) Yes: 1 intra
articular lavage
Moderate No
7  33 –10/110 65 27.5 No No Absence Yes (humeral)
8  156 0/140 100 17.5 No No Absence No
9  120 –75/135 70 17.5 Radial nerve injury No Absence Yes (ulnar)
10  90 –60/135 80 27.5 No No Absence No
11  59 –80/125 85 67.5 Ulnar nerve injury No Absence No
12  127 –20/140 100 46 Bipolar loosen-
ral
9 year
Yes: 1 Allograft Absence No
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rthroplasty and in one case aseptic loosening of the humeral com-
onent occurred. The range of motion score was 16 points (5–20).
he mean range of motion was: 41◦ extension deﬁcit and 129◦
exion deﬁcit, 45◦ pronation and 35◦ supination. Five patients
41%) presented with a functional range of motion of at least
00◦ ﬂexion–extension. We  did not ﬁnd any signiﬁcant difference
etween pronation–supination ranges of motion and resection or
ot of the radial head. All patients presented with normal function
n the MEPS. (Table 3).
After a follow-up of 4.6 years (2–9), the MEPS score in the non-
nion of the distal humerus group was 86 points (45–100) and the
uick-DASH score was 40 points (19.2–68.3). The results were con-
idered to be good and excellent in six cases (86%) according to the
EPS. The preoperative pain score went from 6 points (0–30) to 33
oints (5–45) after surgery and 6 patients (86%) improved. The sta-
ility score was 10 points. No instability was reported. The mobility
core was 18 points (15–20). The mean extension–ﬂexion was: 29◦
xtension deﬁcit and 133◦ ﬂexion deﬁcit, 56◦ pronation and 52◦
upination. Four patients (57%) presented with a ﬂexion–extension
unctional range of motion of at least 100◦. We  did not ﬁnd any sig-
iﬁcant difference between pronation–supination range of motion
nd resection or not of the radial head. Function was found to be
ormal on the MEPS score in all patients. (Table 4).
There was a signiﬁcant difference in age between “post-
raumatic osteoarthritis” group 1 (mean age 56 years old) and the
Non-union” group 2 (mean age 67 years old) (P = 0.037). There was
o signiﬁcant difference in the delay to surgery between the post-
raumatic arthritis group (mean delay 16 years, standard deviation
9.3 years) and the “Non-union” group 2 (mean delay 22 months,
tandard deviation 12.5 months) (P = 0.067) (Table 5). A progressive
adiolucency was  identiﬁed on X-ray in four cases (33%), and mod-
rate wear of the polyethylene bushings in two cases (17%) in group
. A progressive radiolucency was identiﬁed in two  cases (28%), and
oderate wear of the polyethylene bushings in one case (14%) in
roup 2 (Figs 2 and 3). Union was obtained in the autologous bone
raft behind the anterior ﬂange. We  did not ﬁnd any signiﬁcant
ifference between the development of radiolucencies on X-ray on
he humeral or ulnar side, wear of the bushings or the severity of
he initial bone defect. There was no signiﬁcant difference between
he grades of bone defect (Morrey grades [3]) and the length of the
umeral stem component.There were 7 complications in group 1 (58%) in 6 patients,
equiring surgical revision in 3 cases (25%) in 3 patients. In one case,
his was due to septic loosening which was repaired in one oper-
tion 18 months after the initial arthroplasty (case no 2, Table 3).s)
Eight months after revision surgery extension–ﬂexion range of
motion was –50/120 and the MEPS score was 45 points. In one
case, there was  bipolar loosening with a peri-prosthetic humeral
fracture 9 years after the initial arthroplasty (case no 12, Table 3).
One case of revision surgery with a sleeve allograft and revision
arthroplasty was performed. Twenty-ﬁve months after revision
the extension–ﬂexion range of motion was –20/140 and the MEPS
score was  100 points. Finally, in one case revision with articular
lavage was  performed for a deep infection 6 months after the ini-
tial surgery (case no 6, Table 3). Forty months after revision, the
extension–ﬂexion range of motion was  –50/120 and the MEPS score
was 95 points. The rate of complications was 71% (5 complica-
tions/7 patients) in patients under the age of 60 compared to 40%
(2 complications/5 patients) in patients over 60.
There were 2 complications in group 2 (28%) in 2 patients requir-
ing revision surgery in 1 case (14%). This was due to complete
wear of the bushings requiring surgical revision to change the axis
and the polyethylene bushings 8 years after the original arthro-
plasty (Fig. 5) (case no 13, Table 4). Sixteen months after revision,
the extension–ﬂexion range of motion was  –55/130 and the MEPS
score was  80 points. All patients were at least 60 years old when
arthroplasty was  performed.
There was  no signiﬁcant difference between the two groups for
the development of complications, surgical revisions, wear of the
polyethylene inlay, or radiolucencies (Table 5).
4. Discussion
The choice of therapeutic options depends on the age of the
patient, osteoarticular and periarticular lesions and functional
needs. Arthrodesis only seems to be indicated to treat post-
traumatic sequelae in severe cases, in particular, those with a
history of infection. The functional difﬁculties caused by this
surgery and the absence of possible compensation of the sub and
supra adjacent joints makes this therapeutic option a poor func-
tional choice. Union can be difﬁcult to obtain in case of bone defects
(4 cases of non-union in 9 patients in the study by Hahn et al. [18]).
Interposition arthroplasty is a therapeutic option that can be
proposed in young patients to recover the joint space alone. How-
ever, in case of bone defects, the rate of instability is fairly high with
this treatment (30% in 7 patients in the study by Larson et al. [8])
and functional results vary (50% improvement in 7 patients on the
MEPS in the study by Larson et al. [8]).
In certain cases, humeral non-union can be treated by combining
a bone graft and stable internal ﬁxation if the joint space is intact.
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Table  4
Postoperative data in group 2 “non-union”.
Cases Follow-up
(months)
Extension–ﬂexion
Range of motion
(active)
MEPS DASH Complications Surgical revisions Wear PE bushings
(on X-ray)
Progressive
radiolucencies (on
X-ray)
13 108 –55/130 80 30 Complete wear
bushings + broken axis
(+ 8 years)
Yes: 1 change
axis + bushings
Absence (since
revision)
No
14  48 0/140 100 43.3 No No Absence Yes (ulnar)
15  46 –30/130 45 68.3 No No Absence No
16  29 –55/135 85 19.2 Ulnar nerve injury No Moderate No
17  24 –40/130 95 32.5 No No Absence No
18  72 –20/130 100 33 No No Absence Yes (humeral)
19  62 –5/140 95 45 No No Absence No
Table 5
Statistical data for comparative analysis of group 1 “post-traumatic osteoarthritis” and group 2 “non-union”.
Group 1“post-traumatic osteoarthritis” Group 2 “non-union”
Mean age 56 years old 67 P = 0.037
Delay  to surgery 16 years 21 months P = 0.067
Complications 7 complications in 6 patients (58%) 2 complications in 2 patients (28%) P = *
Surgical  revision n = 3 patients n = 1 patient P = *
Wear  of polyethylene bushings
(on X-ray)
n = 2 patients n = 1 patient P = *
Progressive radiolucency
(X-ray)
n = 5 patients n = 2 patients P = *
P = *: not praticable test due to the lack of cases.
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ood quality bone is essential in these cases because otherwise
nternal ﬁxation may  not be stable (two revisions in ten patients
or Niu et al. [13]).
An osteoarticular allograft can be considered in case of severe
one defects [19–21]. This technique is rarely used. There is a risk
f graft absorption and chondrolysis and the rate of complications
s usually high (50% in the study by Breen et al. [19]), and allograft
esorption was present at the ﬁnal radiographic follow-up in 5/6
ases in the study by Allieu et al. [20].
Total elbow arthroplasty is proposed as an alternative to these
urgical procedures for the treatment of post-traumatic sequelae.
he most frequently used prosthesis is semi-constrained to obtain
atisfactory joint stability despite bone defects, poor quality bone
r ligament injury [14,22–26]. In isolated cases, with central bone (non-union) results in severe instability and signiﬁcant stress on the axis of the
defects of the humeral epiphysis (grade 1 or 2 on the Morrey scale
[3]) with intact ligaments (Fig. 1), modular components with a
closed trochlea are being evaluated. No ﬁrm conclusions can be
drawn for the moment, because there is not enough follow-up.
The biases of our study are its retrospective design, the multi-
centre assessment with a limited number of patients and in some
cases short follow-up (two years follow-up in cases no 3, 4 and 17).
Results of cases of post-traumatic arthritis in the literature are sat-
isfactory in 64–83% of the cases according to the MEPS [3,6,16].
In our series, satisfactory results were obtained in 75% of cases
with recovery of ﬂexion–extension range of motion of at least 100◦.
The rate of complications in the literature ranged from 27 to 38%
[3,6,16]. The study by Schneeberger et al. [6] reported a rate of com-
plications of 37% in 41 patients after 5.8 years follow-up. Wear of
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he polyethylene bushings has been correlated to the severity of
he preoperative deformity. In a series of 85 cases evaluated after
 follow-up of 9 years, Throckmorton et al. [16] reported compli-
ations in 30%. The rate of complications was 58% in our series of
ost-traumatic arthritis. In the case of severe deformities of the dis-
al humerus, the humeral cut can be adapted during the procedure
o correct the extension deﬁcit. Because of the readjustment of the
olumns, a long stem may  be chosen to ensure stability. (Case no 5
ables 1 and 3, Fig. 2).
The results in our series are comparable to those in the litera-
ure for non-union of the distal humerus with satisfactory results
btained in between 57 and 86% on the MEPS [1,10,15,21–23,25]. A
atisfactory result was obtained in 86% of the cases in our series and
n 57% of the cases recovery of ﬂexion–extension range of motion
f at least 100◦ was obtained. The rate of complications can range
rom 43 to 50% depending on the series [22,23,25]. In our series,
he rate of complications was 28%.
In our series, age at arthroplasty was associated with an
ncreased risk of complications (P = 0.039). The mean age at arthro-
lasty of patients presenting with a complication was 54 years old.
he number of prior operations, the level of activity and functional
eed have frequently been reported to be risk factors for complica-
ions in the literature, although no signiﬁcant difference has been
onﬁrmed [3,6,14,15,24]. We  did not perform systematic anterior
ransposition of the ulnar nerve. We  performed neurolysis in two
ases due to injury conﬁrmed on preoperative electromyogram
cases no 1 and no 19). We identiﬁed three cases of ulnar nerve
njury after arthroplasty (cases no 4, 11, and 16), or a rate of 6.3%.
ccording to Throckmorton et al. [16] – who performs systematic
ransposition – 4/85 patients presented with an ulnar nerve com-
lication, or 4.7% of cases.
Despite this high rate of complications, the results obtained in
his series after a mean follow-up of 5.1 years (2–13) were good
ith a mean MEPS score of 86 points (45–100) and a mean quick-
ASH score of 35.7 points (5.8–73.3). Pain and active ﬂexion were
igniﬁcantly improved compared to preoperative scores (P < 0.0001
nd P < 0.0001, respectively). Semi-constrained elbow arthroplasty
s a therapeutic option in the treatment of post-traumatic sequelae
f the distal humerus.
Despite the two very different populations – differences in age
nd mean delay to surgery (Table 5), we did not ﬁnd any signif-
cant difference in clinical and radiographic results between the
wo etiologies. This can be explained in part by the small size of the
roups, and the marked difference in the delay to surgery in the
non-union” group.
. Conclusion
In post-traumatic sequelae of the elbow, semi-constrained total
lbow arthroplasties make it possible for most patients to recover
unctional range of motion with a stable, pain-free elbow. It is often
he only therapeutic option because of severe lesions of the elbow
n these cases. The functional results as well as the development of
omplications depend on the patient’s age, level of activity, func-
ional needs, and initial quality of bone and periarticular tissue of
he elbow.The rate of complications is higher according to the age at
rthroplasty as well as in the post-traumatic arthritis group. The
ndication for total elbow arthroplasty in patients under 60 should
e carefully considered in relation to alternative treatment options.
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